Aim: Adipokines have been implicated in the pathogenesis of obesity and obesity-related disorders, including atherosclerosis. Chemerin is a recently discovered adipokine which is closely correlated with various metabolic phenotypes in humans. We examined the association between circulating chemerin levels and arterial stiffness, as represented by the brachial ankle pulse wave velocity (baPWV). Methods: Fifty-eight obese and 62 non-obese individuals participated in the study. We measured the serum chemerin and high sensitivity C-reactive protein ( 
Introduction
Obesity is an important risk factor for atherosclerosis, but the underlying mechanism of this association is poorly understood. Adipose tissue serves as an active endocrine organ that secretes a number of hormone-like compounds, termed adipokines. Dysregulation of adipokine production caused by adipose tissue expansion provokes insulin resistance and systemic inflammation, contributing to the initiation of obesity-related disorders. Recently, some adipokines have been regarded as direct mediators between obesity and atherosclerosis by influencing the function of endothelial cells, arterial smooth muscle cells, and macrophages in the vessel wall 1) . The clarification of a novel adipokine which regulates the atherosclerotic process might provide new opportunities for developing more effective approaches for preventing cardiovascular disease.
Chemerin was originally identified as a chemoattractant that promotes the recruitment of immature dendrite cells and macrophages to lymphoid organs and sites of tissue injury 2) . For the first time, Goralski et al. 3) discovered that chemerin was strongly expressed in white adipose tissue from mouse, rat, and human samples, and the secretion of chemerin from adipose tissue increased with adipocyte differentiation and obesity. Furthermore, Ernst et al. 4) reported that exogenous administration of chemerin exacerbates glucose intolerance, lowers serum insulin levels, and decreases tissue glucose uptake in a mouse model of obesity and diabetes. Growing evidence derived from human data also supports a link among chemerin, obesity, and metabolic syndrome. A study involving a MexicanAmerican population reported that circulating chemerin levels are significantly higher in obese individuals compared with lean controls, and plasma chemerin levels are correlated positively with the body mass index (BMI), and fasting glucose, fasting insulin, and triglyceride levels, and negatively correlated with the high-density lipoprotein (HDL)-cholesterol level 5) . Sell et al. 6) reported that in patients who had undergone bariatric surgery for weight reduction, serum chemerin levels were significantly reduced after surgery, indicating that chemerin might mediate metabolic alterations in obesity.
However, there have been limited studies regarding the relationship between circulating chemerin levels and atherosclerosis, the final complication of metabolic-related disorders. Only one study has evaluated the effect of serum chemerin levels on coronary atherosclerosis measured by multi-slice computed tomography (CT) angiography 7) . In that study, chemerin levels were weakly correlated with the coronary plaque burden (r 0.16, p 0.006), although the association disappeared after adjusting for other cardiovascular risk factors. Multi-slice CT angiography is limited in that it can only detect advanced atherosclerotic lesions and provide no information about the functional defect 8) . Therefore, in the present study we examined the relationship between the circulating chemerin levels and arterial stiffness, as represented by the brachial ankle pulse wave velocity (baPWV), which assesses structural and functional defects of the arterial wall, and the carotid intima-media thickness (IMT) in obese and non-obese subjects.
Methods

Study Design and Participants
We enrolled 120 apparently healthy participants who underwent a medical checkup in the Department of Endocrinology and Metabolism of Korea University Guro Hospital. Participants included 58 obese subjects (BMI ≥ 25 kg/m . No participants had a history of cardiovascular diseases (myocardial infarction, unstable angina, stroke, peripheral artery disease, or cardiovascular revascularization), stage 2 hypertension (resting blood pressure ≥ 160/100 mmHg), malignancy, or severe renal or hepatic disease. We excluded patients with a history of inflammatory conditions or patients taking medications that might affect vascular function, such as lipid-lowering agents, anti-hypertensive drugs, anti-platelet agents, estrogen, vasodilators, antioxidant vitamin supplements, insulin, thiazolidinedione, and non-steroidal anti-inflammatory drugs, within the previous 6 months. We also excluded smokers from our study because cigarette smoking may influence vascular stiffness. All participants provided written informed consent, and the Korea University Institutional Review Board, in accordance with the Declaration of Helsinki of the World Medical Association, approved this study protocol.
Clinical and Laboratory Measurements
The BMI was calculated as the weight/height 2 (kg/m 2 ) and the waist circumference was measured at the midpoint between the lower border of the rib cage and the iliac crest. All blood samples were obtained in the morning after a 12-hour overnight fast, and were immediately stored at 80 for subsequent assays. Serum triglycerides and high density lipoprotein (HDL)-cholesterol were determined enzymatically using a chemistry analyzer (Hitachi 747; Hitachi Inc., Tokyo, Japan). The low-density lipoprotein (LDL)-cholesterol concentration was estimated using the Friedewald formula. The glucose oxidase method was used to measure plasma glucose and an electrochemiluminescence immunoassay (Roche Diagnostics, Indianapolis, IN, USA) was used to measure insulin levels. Insulin resistance was calculated by the homeostasis model assessment of insulin resistance (HOMA-IR). Metabolic syndrome was defined according to the criteria established by the National Cholesterol Education Program Adult Treatment Panel using the adjusted waist circumference for Asians 10) . Serum concentrations of chemerin were determined by an enzyme-linked immunosorbent assay (ELISA) kit (Biovender Laboratory Medicine Inc., Modrice, Czech Republic); the intra-and inter-assay variations were 6.1% and 7.6%, respectively.
Measurement of PWV
After a subject had rested in the supine position for 5 min, the baPWV was measured using a volumeplethymographic apparatus (model BP-203RPE ; Colin, Komaki, Japan), which simultaneously records the baPWV, and the brachial and ankle blood pressures on the left and right sides. Details of this method, including the validity and reproducibility, have been described previously by Yamashina et al. 11) . The intra-and inter-observer reproducibility of this method was 10.0% and 8.4%, respectively. In the current study, the baPWV was calculated as the mean of the left and right baPWV values.
Measurement of Carotid IMT
The IMT of the common carotid artery was determined using high-resolution B-mode ultrasonography (EnVisor; Philips Medical Systems, Andover, MA, USA) with a 5-12 MHz transducer. Carotid IMT was measured using IMT measurement software (Intimascope; Media Cross Co., Tokyo, Japan) at 3 levels of the lateral and medial walls of the carotid artery, 1-3 cm proximal to the carotid bifurcation. The IMT was the average value of 99 computer-based points in the region. In the present study, the carotid IMT was calculated as the mean of the left and right IMT value. All measurements were recorded by one trained technician who was blinded to the subject's anthropometric and laboratory data.
Statistical Analysis
Each variable was assessed for a normal distribution. Data are expressed as the mean SD or median (inter-quartile range [25%-75%]). Differences between groups were tested using an independent two-sample t -test or the Mann-Whitney U test for continuous variables, and the chi-square test was used to test for differences in the distribution of categorical variables. Pearson's correlation test was performed to determine the relationships between serum chemerin levels and study variables, including the baPWV and mean carotid IMT values. Before correlation analysis, a natural logarithmic transformation was performed for abnormally distributed variables. The association between the baPWV and each risk factor was assessed by dividing the patients into tertiles on the basis of the baPWV, and analyzed with ANOVA for normally distributed variables and the Kruskal-Wallis H test for skewed variables. Subsequent pair-wise comparisons were performed using Tukey's HSD post-hoc analysis or the Wilcoxon rank-sum test. Multiple linear stepwise regression analysis with baPWV as a dependent variable was performed to identify the risk factors which determined the baPWV. All statistical results were based on two-sided tests. Data were analyzed using SPSS for Windows (version 12.0; SPSS Inc., Chicago, IL, USA). P 0.05 was regarded as significant. 
Results
Characteristics of Study Subjects
The clinical and biochemical characteristics of the study subjects are presented in Table 1 . The obese group (BMI ≥ 25 kg/m 2 ) had increased waist circumference, diastolic blood pressure, HOMA-IR, triglycerides, and high sensitivity C-reactive protein (hsCRP) compared with the lower BMI group ( 25 kg/m 2 ). Furthermore, the baPWV values were significantly higher in the obese group than in the non-obese group, whereas there was no significant difference in the mean carotid IMT values between the two groups. The circulating chemerin level in the obese group was significantly higher than in the non-obese group (120.14 19.34 vs. 106.81 23.39, p 0.01; Table 1 ).
Correlation Between Serum Chemerin Levels and Study Variables, Including baPWV and Mean Carotid IMT
The circulating chemerin level had a significant positive correlation with BMI (p 0.001), waist circumference (p 0.001), HOMA-IR (p 0.001), and LDL-cholesterol (p 0.042), triglycerides (p 0.001), and hsCRP (p 0.004) levels. Furthermore, the serum chemerin level was positively associated with the number of metabolic syndrome components (p 0.006; Table 2 ). Importantly, the serum chemerin level had a positive correlation with the baPWV (r 0.280, p 0.002), but not with the mean carotid IMT (r 0.065, p 0.504; Fig. 1 ).
Clinical and Laboratory Variables Stratified by Tertiles of the baPWV
Based on the increments of the baPWV values, age, BMI, waist circumference, systolic blood pressure, fasting glucose, HOMA-IR, serum hsCRP level and the number of metabolic syndrome components were increased. Specifically, the circulating chemerin levels exhibited a significant increment according to the elevation of the baPWV; however, the diastolic blood pressure, LDL-cholesterol, HDL-cholesterol, and triglycerides had no significant trends with increments in the baPWV levels ( Table 3) .
Factors Determining the baPWV
Multiple stepwise regression analysis showed that age (p 0.001), waist circumference (p 0.038), systolic blood pressure (p 0.001), and serum fasting glucose (p 0.003) and chemerin levels (p 0.017) were definitive risk factors for arterial stiffness (r 2 0.457; Table 4 ).
Discussion
The present study confirmed that the serum chemerin level is elevated in obese compared with lean individuals and has significant positive correlations with waist circumference, diastolic blood pressure, HOMA-IR, and serum triglycerides and hsCRP levels. Most importantly, we demonstrated for the first time that the circulating chemerin level was positively associated with arterial stiffness, as represented by the baPWV, and the serum chemerin level was an independent determining factor for the baPWV, even after adjusting for other cardiovascular risk factors.
The prevalence of obesity is increasing markedly, especially in children and adolescents. Many studies have demonstrated that obesity increases mortality from all causes, including cardiovascular deaths 12) . There are some plausible mechanisms by which obesity can adversely affect vascular health. First, obesity aggravates blood pressure, the glucose level, and lipid metabolism, and thereby indirectly increases cardiovascular risk. In addition, growing evidence has shown that adipokines, which are secreted by adipose tissue, plays a direct essential role in the formation of atherosclerotic lesions. For example, resistin, one of the wellknown adipokines, directly activates the endothelium through up-regulation of adhesion molecules, and also Logarithmic transformed data were used. BMI, body mass index; BP, blood pressure; LDL, low-density lipoprotein; HDL, high-density liproprotein; hsCRP, high sensitivity C-reactive protein; MetS, metabolic syndrome; IMT, intima-media thickness; baPWV, brachial ankle pulse wave velocity. Data are expressed as the mean SD or median (inter-quartile range). p-value for overall difference among the groups was calculated using analysis of variance (ANOVA) or the Kruskal-Wallis H test . a, b, c : Same letter indicates no statistical difference based on Tukey's HSD post-hoc analysis or Wilcoxon's rank sum test. baPWV, brachial ankle pulse wave velocity; BMI, body mass index; BP, blood pressure; LDL, low-density lipoprotein; HDL, high-density liproprotein; hsCRP, high sensitivity C-reactive protein; IMT, intima-media thickness; MetS, metabolic syndrome.
Fig. 1. Correlation between circulating chemerin levels and mean carotid IMT (A), and baPWV (B).
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promotes the migratory activity of vascular smooth muscle cells 13) . Furthermore, Fu et al. 14) demonstrated that adenovirus-mediated over-expression of adipocyte fatty acid binding protein (A-FABP) induces foam cell formation by increasing intracellular lipid accumulation in macrophage cell lines, which is an essential step in the formation of atherosclerotic plaques. Recently, we reported that serum resistin and A-FABP are independently associated with atherosclerotic inflammation, as determined by [ 18 F]-fluorodeoxyglucose positron emission tomography 15, 16) . The chemerin gene was originally described as a retinoid-responsive gene in psoriatic skin lesions 17) . Although chemerin is a well-known secreted protein with an established role in immune function, recent experimental data indicate that chemerin might provide a link between obesity and chronic inflammation 18) . Sell et al. 19) reported that chemerin activated the NF-B pathway and impaired glucose uptake in primary human skeletal muscle cells. Moreover, TNFtreatment of 3T3-L1 adipocytes increased bioactive chemerin levels, suggesting that inflammatory cytokines contribute to the up-regulation of chemerin in obesity 20) . Thus, it is possible that adipocyte-derived chemerin may be involved in the pathogenesis of obesity-related inflammatory disorders, including atherosclerosis; however, very few studies have examined the influence of circulating chemerin on the atherosclerotic process. In 41 autopsy cases, coronary atherosclerosis was positively correlated with the expression of local chemerin in pericoronary fat 21) . Lehrke et al. 7) showed that circulating chemerin had a positive correlation with atherosclerotic plaque burden assessed by multi-slice CT angiography, but this association was lost after adjusting for established cardiovascular risk factors. Multi-slice CT angiography has several limitations, which include inability to document early endothelial dysfunction, preceding the morphologic changes of the arterial wall 8) . Arterial stiffness is recognized as a result of structural and functional changes of the vascular tree 22) . Vascular endothelium plays an important role in the functional regulation of arterial stiffness by secreting nitric oxide, endothelin-1, and natriuretic peptides 23) . Endothelial dysfunction is an early and potentially reversible event in atherogenesis 24) . In contrast, carotid IMT quantitatively measures the arterial morphology consisting of intimal lesions and medial hypertrophy 25) . In animal studies it has been shown that altered arterial compliance precedes angiographically detectable atherosclerosis in LDL-receptor deficient rabbits 26) . Furthermore, the Atherosclerosis Risk in Communities (ARIC) study demonstrated that there was no association between arterial wall thickness and increased arterial stiffness, except for the thickest 10% of the artery walls 27) ; therefore, arterial stiffness and carotid atherosclerosis may differ in the pathologic background and be dissociated in time. In the present study, the serum chemerin level was independently associated with baPWV, even after adjusting for other cardiovascular risk factors, but not with carotid IMT. baPWV is a non-invasive method for measuring arterial stiffness in a short time without being influenced by the surgeon's technique 28) . Until now, many studies have shown that PWV is an independent risk factor for cardiovascular disease 29) ; during a 10-year follow-up period, Cruickshank et al. 30) reported that arterial stiffness independently predicted all-cause and cardiovascular mortality in 397 diabetic patients for each 1 m/s increase in PWV (hazard ratio, 1.08; 95% confidence interval, 1.03-1.14); therefore, our results suggest that circulating chemerin may directly mediate the process of cardiovascular disease.
There were some limitations to our study. First, this study enrolled a small number of a limited population; therefore, the relationship between circulating chemerin and arterial stiffness should be studied further in other ethnic groups, including larger subjects. Second, due to the drawback of the cross-sectional design, the causal relationship and underlying mechanism could not be defined in the present study. Very recently, a few experimental studies have examined the impact of chemerin on atherogenesis. Hart and Greaves 31) showed that chemerin rapidly stimulated the adhesion of macrophages to the extracellular matrix protein, fibronectin, and to the adhesion molecule, vascular cell adhesion molecule-1, suggesting that chemerin might promote the progression of atherosclerosis. Although Becker et al. 32) showed that the Independent variables in multiple stepwise regression analysis: gender, age, body mass index, waist circumference, systolic blood pressure, diastolic blood pressure, fasting blood glucose, LDL-cholesterol, HDL-cholesterol, triglycerides, high sensitivity C-reactive protein, and chemerin baPWV, brachial ankle pulse wave velocity; SE, standard error; R expression of chemerin did not significantly alter the extent of atherosclerosis in LDL receptor knockout mice, they hypothesized that chemerin may affect early atherosclerotic plaque development and plaque morphology rather than the extent of the atherosclerotic lesion area. Furthermore, Kaur et al. 33) demonstrated the novel presence of a G-protein coupled chemerin receptor (CMKLR1) in human endothelial cells and its significant up-regulation by pro-inflammatory cytokines (TNF-, IL-1 , and IL-6). Thus, the altered expression of chemerin and its receptors during an inflammatory process may cause dysregulated angiogenesis, leading to the development of cardiovascular disease.
In conclusion, the present study confirmed that the circulating chemerin level is significantly elevated in obese individuals and has a close correlation with various metabolic risk factors. Moreover, we demonstrated that the serum chemerin level was independently associated with arterial stiffness, even after adjusting for other cardiovascular risk factors. Further experimental studies are warranted to clarify the role of chemerin in the atherosclerotic process.
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